Ginseng is commonly used as a medicinal herb for memory and concentration and general well-being. Drug-induced liver injury (DILI) is one of the most challenging disorders and trending events in the United States which are related to body building and weight loss supplements. Currently, herbal and dietary supplementation is the second most common cause of DILI. Here, we report on a 45-year-old healthy Chinese woman who presented with dull intermittent left upper quadrant abdomen pain for a month. Upon thorough history taking, she had been taking ginseng tea and supplementation for her menopausal symptoms for almost 3 months. Physical examination was unremarkable except mild tenderness in left upper quadrant of the abdomen. Liver function test showed aspartate transaminase (AST) 717 U/L, alanine transaminase (ALT) 343 U/L, total bilirubin 5 mg/dL, direct bilirubin 3.3 mg/dL, alkaline phosphatase 182 U/L, with international normalized ratio (INR) 1.2. Prior liver enzymes (6 months earlier) showed AST 21 U/L, ALT 18 U/L, total bilirubin 0.8 mg/dL, direct bilirubin 0.3 mg/dL, alkaline phosphatase 34 U/L, with INR 0.7. Viral serology for acute hepatitis B, C, E, cytomegalovirus, Epstein-Barr virus, and varicella zoster virus was negative. She was immune to hepatitis A. Her antinuclear antibody was positive. Her anti-Smith antibody, anti-smooth muscle antibody, HFE gene mutation, ceruloplasmin, alpha-1 antitrypsin serologies were within normal references. An abdomen sonogram showed fatty infiltration. Liver biopsy showed moderate to severe portal inflammation and marked lobular disarray. Portal and lobular inflammatory infiltrates consisted of a mixture of histiocytes, lymphocytes, plasma cells, eosinophils, and neutrophils with centrilobular necrosis and focal bridging necrosis, and necro-inflammation. After 6 weeks of follow-up, the patient improved physically, and the abdomen pain resolved. Ginseng has been widely used in the Chinese community as medicinal herb for a variety of conditions for decades. However, proper research has never been done regarding its pharmacokinetics, efficacy, and safety issues. In our case report, the idiosyncratic DILI resulted from ingestion of ginseng as herbal supplementation for premenopausal symptoms. Physicians should be aware of and suspect DILI in any patient with acute liver injury, and patients should be reminded that all medications and supplements have a potential to cause DILI.
Introduction
Ginseng in Hokkien Chinese means the root with a characteristic forked shape that resembles a human's leg. It is the root of plants in the genus Panax composed of ginsenosides and gintonin. The use of ginseng as a medicinal herb began as early as in 196 AD in China. In 1596, Li Shizhen described it as "superior tonic" for convalescent and chronically ill patients [1] . For centuries, it has famously been used for its possible effects on memory and concentration, for general well-being, physical stamina, as immune booster, to slow the aging process and relieve various health problems particularly erectile dysfunction, and menopausal hot flashes. The well-known side effect is bleeding, headache, insomnia, mild gastric problems [2] . However, there are little proper research data in the literature regarding its biological effects. Significant adverse effects have been reported with the concomitant use of warfarin [3] .
Drug-induced liver injury (DILI) is a rare adverse drug reaction to either antimicrobials or herbal and dietary supplementation (HDS). It is one of the most challenging disorders and trending events in the United States related to body building and weight loss supplements. Those supplements are not subjected to thorough testing for safety and efficacy unlike prescription medications.
Currently, HDS is the second most common cause of DILI [4] . In the United States, no population-based research has been reported to recognize the true prevalence and incidence of HDS-induced DILI. HDS are subject to variation depending on location and circumstances for growth, methods of manufacture, contents of ingredients and concentration in the capsules or tablets or packages. Often, the products may contain ingredients that are not identical on the listed label due to contamination or adulteration. The most important thing is no regulations or requirements for premarketing safety analysis before distribution on the markets. Here, we present a case of DILI resulting from ingestion of ginseng as herbal supplementation for premenopausal symptoms.
Case Report
A 45-year-old healthy Chinese woman presented with dull intermittent left upper quadrant abdomen pain for a month. The abdomen pain was localized, nonradiating, and there were no aggravating or relieving factors. It was associated with fatigue, loss of appetite, and nausea. However, the patient denied jaundice, high-colored urine, pale-colored stool, pruritus, fullness after meals, or significant loss of weight. Past medical and social history was not pertinent. Upon thorough history taking, she had been taking ginseng tea and supplementation for her menopausal symptoms for almost 3 months. General examination showed no jaundice, clubbing, spider telangiectasia, or scratch marks. Physical examination was unremarkable except mild tenderness in left upper quadrant of the abdomen. Liver function test showed aspartate transaminase (AST) 717 U/L, alanine transaminase (ALT) 343 U/L, total bilirubin 5 mg/dL, direct bilirubin 3.3 mg/dL, alkaline phosphatase 182 U/L, with international normalized ratio (INR) 1.2. Prior liver enzymes (6 months earlier) showed AST 21 U/L, ALT 18 U/L, total bilirubin 0.8 mg/dL, direct bilirubin 0.3 mg/dL, alkaline phosphatase 34 U/L, with INR 0.7. Viral serology for acute hepatitis B, C, E, cytomegalovirus, Epstein-Barr virus, and varicella zoster virus was negative. She was immune to hepatitis A. Her antinuclear antibody was positive. Her anti-Smith antibody, anti-smooth muscle antibody, HFE gene mutation, ceruloplasmin, alpha-1 antitrypsin serologies were within normal references. An abdomen sonogram revealed that the right lobe of the liver was 13.3 cm in length. The hepatic parenchyma was increased in echotexture. There was no mass or intrahepatic biliary ductal dilatation. There was normal direction of flow in the hepatic vessels. The gallbladder is distended. There was no wall thickening, stone, or pericholecystic fluid. There was no sonographic Murphy's sign. The common bile duct measures 5.0 mm in diameter which is within normal limits. The pancreatic head and visualized body was normal in appearance. There was no ascites. The echogenic appearance of the hepatic parenchyma was compatible with fatty infiltration (Fig. 1) . Computed tomography of the abdomen showed fat containing umbilical hernia without inflammatory changes and bilateral fat containing indirect inguinal hernias (Fig. 2) . Liver biopsy showed moderate to severe portal inflammation and marked lobular disarray (Fig. 3) . Portal and lobular inflammatory infiltrates consisted of a mixture of histiocytes, lymphocytes, plasma cells, eosinophils, and neutrophils (Fig. 4) . The lobular disarray is characterized by ballooning degeneration of hepatocytes, centrilobular necrosis and focal bridging necrosis, and necroinflammation (Fig. 5) . Cholestasis as well as mild steatosis were also seen. After 6 weeks of follow-up, liver enzymes showed AST 28 U/L, ALT 20 U/L, total bilirubin 1.1 mg/dL, direct bilirubin 0.5 mg/dL, alkaline phosphatase 39 U/L, with INR 0.9. The patient improved physically, and the abdomen pain resolved. Repeated abdomen sonogram showed a normal hepatic parenchyma, and repeated hepatic function tests showed within-normal reference values after 6 months.
Discussion
Generally, DILI can be classified into intrinsic, idiosyncratic, and chronic. Intrinsic DILI is defined as hepatotoxicity with potential to affect all the individuals to varying degrees. Adverse reaction is typically stereotypic and dose dependent. Acetaminophen is a well-known cause of intrinsic DILI. Idiosyncratic DILI is defined as hepatotoxicity affecting only rare susceptible individuals. Adverse reaction is not dose dependent and more varied in latency, duration of presentation, and its clinical course. Chronic DILI is defined as failure to return of liver enzymes or bilirubin to pre-DILI baseline and/or other signs and symptoms of impending liver diseases such as ascites, portal hypertension, or hepatic encephalopathy 6 months after onset of DILI.
Antimicrobials and medications that act on the central nervous system are the common causes of DILI in children, while certain medications such as minocycline, diclofenac, and methyldopa are more common in DILI in females. DILI due to nevirapine is more common in female HIV patients with higher CD4 count [5] . Variables such as age, gender, diabetic mellitus, and alcohol consumption may increase the risk for DILI in a drug-specific manner.
Thorough and pertinent history plays a crucial role as DILI is a diagnosis of exclusion. Generally, DILI occurs within 6 months of initiation of new medications or supplementations. Acute hepatitis C and E are well-known masqueraders for DILI mimicking 1.3 and 3% of all DILI cases, respectively [6] . Autoimmune hepatitis, viral, and metabolic causes should be considered as a differential diagnosis for DILI.
In clinical practice, to assess and evaluate the pattern of liver injury, the R value can be used, while for mortality risk, Hy's Law can be applied. The R value is defined as serum ALT/upper limit of normal divided by serum alkaline phosphatase/upper limit of normal. R <2 can be labeled as cholestatic DILI, R 2-5 as mixed DILI and R >5 as hepatocellular DILI. However, the same offending agent can present with variable laboratory profiles and clinical presentation in each DILI patient. Hy's Law was made by Hyman Zimmerman, who suggested a mortality risk of 1 in 10 if 3 criteria are met: serum AST or ALT more than 3 times than upper normal values, serum total bilirubin more than 2 times than upper normal values, and no other reasons can be found to explain the combination of increased aminotransferases and bilirubin or other preexisting or acute liver disease [7] .
For causality assessment for suspected DILI, the RUCAM and the Maria and Victorino system can be used at bedside or in clinic [8, 9] . RUCAM has a summed score from -9 to +10, and higher scores indicate higher likelihood of DILI. The score system is also divided into hepatocellular injuries versus cholestatic or mixed injuries. However, RUCAM is not recommended to use as the main diagnostic tool alone due to its low retest reliability and poor validation.
Liver-related mortality from acute liver failure (ALF) in the setting of DILI occurs only in a few cases and usually in the first 6 months. ALF due to DILI has a slower speed of disease evolution compared to that due to acetaminophen. Those with ALF due to DILI are prone to develop ascites, infection, and hepatorenal syndrome, and causes of mortality are due to systemic infections and/or cerebral edema [10] . In terms of predictors of liver transplantation, the Model for End-Stage Liver Disease (MELD) score and advanced coma grade are used on admission, and the higher the score, the poorer the outcomes. Comparing different scoring systems and assessments, Sequential Organ Failure Assessment (SOFA) is reportedly the best, but is limited to DILI due to acetaminophen [11] .
The mainstay treatment for DILI is prompt stopping of the offending agent or medication. No approved antidotes are available for idiosyncratic DILI with/without ALF. Most clinicians use diphenhydramine and hydroxyzine for symptomatic treatment of pruritus. N-acetyl cysteine can be considered in adults with early stage ALF but is not recommended for children with severe DILI with ALF.
Liver biopsy is recommended if autoimmune hepatitis is a concern, there is persistent rise in liver biochemistries or signs of worsening liver function despite stopping the suspected agents, peak ALT level has not decreased by >50% at the end of 30-60 days of unresolved acute hepatocellular DILI and at 180 days for cholestatic or mixed DILI, and the patient is evaluated for chronic liver disease and chronic DILI. Acute DILI can progress to chronic DILI in 15-20% of the cases [12] . However, a guideline for liver biopsy for patients with chronic methotrexate has been established [13] .
For decades, ginseng has been widely used in the Chinese community as medicinal herb for a variety of conditions. However, proper research has never been done regarding its pharmacokinetics, efficacy, and safety issues. In our case report, idiosyncratic DILI resulted from ingestion of ginseng as herbal supplementation for premenopausal symptoms. Physicians should be aware of and suspect DILI in any patient with acute liver injury, and patients should be reminded that all medications and supplements have a potential to cause DILI.
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